ABSTRACT This paper deals with energy efficient glass in office buildings in Amman city. The objectives of this paper are to understand the role of efficient glass in reducing lighting, heating, and cooling demands and the amount savings to achieve. In addition to suggest main guidelines to follow when designing glazed office buildings for architects and stakeholders, the evaluation of thermal and daylighting performances for a glazed building in Amman was performed by Ecotect and some equations. The reductions in lighting, heating, and cooling loads and energy cost were evaluated through a comparative simulation among three glass types considering four optical and thermal variables: U -value, visual light transmission (VLT), solar heat gain coefficient (SHGC), and solar coefficient (SC). Results show that the basic factors to enhance buildings energy behavior are: building location and the availability of solar radiation at the selected location. In addition to the building orientation and glass optical and thermal properties, the energy efficiency of buildings increases when the building orientation is between 125 • and 235 • , and the installed glass has U -value less than 1.5 Wm 2 /k, VLT between 20% and 50%, and SHGC and SC less than 0.2. The implementation of these properties reduced the building electricity cost for lighting, heating, and cooling by 45%-53%.
I. INTRODUCTION
Building glazed component considered the weakest and the strongest element of the facades. It is responsible for heat exchange and thermal discomfort, at the same time it is the main source for natural lighting, passive solar heat gain, and views. The importance of controlling energy exchange in buildings is increasing as energy prices are escalating worldwide. Building sector is one of the largest energy consumers which consume more than 48% of annual energy and 70% of electricity [1] .
Glazing systems usually have a significant effect on whole building energy utilization. Where heat exchange through building windows is about 25-30%. Glazed surfaces can account for over 25% of the heating and cooling energy bills in standard buildings. It is possible to save energy up to 60% in any standard building by applying bioclimatic techniques and enhancing glazed surfaces performance [2] - [4] . Reduction of energy use in buildings will in return reduce gross energy consumption of a city. This paper aims to find the extent energy glass can reduce energy consumption in buildings particularly those with large glass façade namely office buildings.
Office buildings form a considerable ratio of a city's buildings, enhancing their energy efficiency will increase cost-effective measures and helps to minimize energy consumption. Jordan is amongst the low income countries in the region, with a Gross Domestic Product (GDP) per capita of JDs 3652.6 in 2013 [5] . It is considered poor in terms of energy, and it depends highly on imports; more than 96% of its energy needs are imported, and 80% of its electricity needs depends on Egyptian gas [6] . Large energy consumptions led to high greenhouse gases emissions, and it was estimated that Jordan's greenhouse gas emissions in 2010 was thirty million tons. 74% of the CO2 was a result of energy use [7] . Buildings in Jordan, residential and commercial, consume 13% of the total energy, and 48% of the electricity, which is mainly used for lighting, cooling, and heating [8] . Fig.1 shows the electrical consumption by usage according to the National Electric Power Company in 2013 [9] . The electricity bill is considered to be a heavy burden on the Jordanian economy, where in 2011; the energy bill reached about JDs 3.44 billion. This was about 13% of the total imports of the Kingdom [10] .
This means that the building sector in Jordan has a great need to apply energy efficient strategies and methods to decrease its role in energy consumption. Jordanian buildings have substantial energy losses, by controlling and red ucing these losses energy efficiency would be improved, which means reducing the imported energy amounts and reducing the electricity bills.
All of the building components and materials are responsible for heat losses and gains, and play different roles in energy and electricity consumption. This paper sheds light on the glazed surfaces and its role in heat losses, heat gains, and energy consumption. Energy saving and energy consumption was studied via applying three types of advanced glazing on one of Amman office buildings called Alareej Complex.
II. METHODOLOGY
Ecotect software was used to analyze the sun path, solar incidence analysis, and the building best and worst orientation. Daylighting was measured by using Lux meter from February to June, every other Saturday from 1.30 until 2.30 pm.
Cooling and heating loads were calculated by several equations based on Heating and Air Conditioning for the Residential Buildings book, by Alsaad and Hammad [11] . Then, electricity for artificial lighting, cooling and heating calculated, and energy cost is estimated.
Finally, three suggested energy glass types were selected to study their effect on the building energy consumptions. Results were compared with the existing energy consumptions and costs to make recommendations for the ideal glass properties to use in office buildings facades in Amman climate to achieve the best interior environment with least energy cost
The case study office building is located in Amman city on latitude 31 [12] .
III. THE SELECTED CASE STUDY DESCRIPTION
Since this paper main objective is to evaluate glazing systems in terms of their energy efficiency to be applied in office buildings in the Mediterranean climate in Amman. Al-Areej Complex has been taken as an actual office building case study located in Khalda district in Wasfi Al Tal Street. Fig.2 shows the selected building site plan. 
A. OVER VIEW
The building was designed in 2006 by Malek Anqour Consulting Engineers. The selected building is an eight story building, where five floors of them for offices, one commercial floor, and two underground parking. The total floors area is 17202 m 2 , and its total glass area is 2781 m 2 . As shown in fig. 3 .
Table (1) shows the glazing percentage of each facade, which indicates that, the south western and north western facades have the largest amount of glazing, while south eastern facade has a medium amount and north eastern facade has the least amount. 
B. SUN PATH AND SOLAR INCIDENCE ANALYSIS
Weather conditions and how they affect the building are important factors to study when a glazed building evaluation is needed. This analysis focuses on a specific surface and gives an idea about the average, maximum, and the cumulative amounts of insolation. The daily suns' path and annual suns' path was visualized by Ecotect software. The main goal of studying this is to figure out how to lower solar heat gains in spaces where it is.most extreme. This will aid designers to make decisions regarding energy loads, materials, and financial costs by visualization, and recognizing which building facade requires glazing solutions to achieve optimum thermal and visual comfort. As illustrated in fig. 5 below, the red color indicated that the building south-east façade and almost half of south-west facade get the intense solar radiation over the year. The suns path was analyzed from 8 am to 18 pm (offices working hours), for each season to understand the temporal changes, and to observe the number of solar exposure hours for each façade. The solar analysis shows that:
• South-west facade: is receiving a greater amount of heat which creates great discomfort to the occupants, with a total monthly incident solar exposure of 645657 Wh/m2.
• South-east facade: is receiving moderate heat, with a total monthly incident solar exposure of 516962 Wh/m2.
• North-west façade: is receiving much less heat and thus can be used for daylighting efficiently, with a total monthly incident solar exposure of 490827 Wh/ m2 .
• North-east façade: can be used to increase daylighting, since it receives less direct solar radiation with a total monthly incident solar exposure 90615 Wh/m2.
C. ANNUAL INCIDENT SOLAR RADIATION
The total daily collection of direct and diffused solar radiation on a one m 2 vertical surface depends on the building orientation. Fig. 6 shows the building behavior with its actual orientation. As illustrated, the under heated period reserved an average of 295.31 kWh/m 2 , and the lowest amount registered was about 2900 kwh/m 2 , while the overheated period reserved an average of 213.88 kwh/m 2 , and the largest amount registered was about 2750 kwh/m 2 . 
IV. SAMPLING CRITERIA
To study the role of glass on the building energy performance, four offices were selected, facing different sides of the building. Fig. 7 shows the typical building plan, where the first and second offices are on the third floor, while the third and fourth offices are on the fourth floor. 
V. ENERGY CONSUMPTION FACTORS A. DAYLIGHTING
Daylighting for the selected office rooms was measured by a lux meter every two weeks. The first readings were taken within a one-meter distance from the glazed surface, and then the room area was divided by a grid of (4 * 2.9) meters to take lighting readings within equal distances, as shown in figure (8) . The daylight luminance was measured at the work plane of 0.85m above the floor surface. Fig. 8 shows the plan and the section diagram for the model room and table (3) shows the offices average lux levels from February to June. As indicated in table (3), Offices (1) and (4) received a comfortable amount of natural lighting, but at the same time a little artificial lighting was needed. Office (2) received the optimum lighting amount, no artificial lighting was used. Office (3) needs shading devices due to the high lighting level. Table (4) shows the average needed lux and lighting electricity cost for each office. As illustrated, office (4) had the highest lighting bill with 321 JD/ year.
B. COOLING LOADS
To make the calculations of cooling loads, August was selected as the month with the highest temperature in the VOLUME 7, 2019 
VI. THE SUGGESTED GLASS OPTIONS
Before applying the new glass options, building orientation was modified to become 180 • from the north, according to the Ecotect result when the best and worst orientation was studied, which shows that the optimum orientation for Amman is 180 • from the north. This orientation gives the building façades the optimum benefits from the solar energy, as shown in fig. 9   FIGURE 9 . Annual sun path after modification.
This affects the buildings' annual incident solar radiation, where for the under heated period, the building received an average of 346.68 kWh/m 2 , and the lowest amount registered was approximately 340kwh/m 2 . The overheated period reserved an average of 175.43 kWh/m 2 , and the largest amount registered was approximately 2500 kwh/m 2 . assumed to be 8500 lux. The glass VLT as shown before in table (7) was different for each option. The Building offices (1), (2) and (4) get an optimum Lux level distribution for the three glass options. The average lux level distribution is between (363-498) lux, which is comfortable and provides optimum daylighting inside the building. However office (3) has a high glass area which leads to a high average lux level distribution, more than the office required. The area near the windows receives more than 2000 lux, and this causes discomfort and glare. Shading devices are needed. For a better understanding table (8) was organized to evaluate the three new glasses performance comparing with the original glass' performance. It is obvious that the VLT is depending on the space area. The best performance was when type (1) was used with a VLT of 30%, but there was some glare in offices (3) and (4) . This means at designers should not raise the VLT more than 30% in these offices due to the space area.
B. COOLING AND HEATING LOADS
Cooling and heating loads changed according to the orientation and glass specifications. The same sequence and equations that were used to calculate the cooling and heating loads for the original building were used to make the calculations for the three new options. The building is installing a reflective glass which is varying from the new three types specifications. The cooling and heating loads differences are very clear between the original and the new types. The new types had the potential to decrease the loads by up to 50%, as shown in fig. 10 and 11 . Fig. 12 shows the seasonal cooling and heating electricity costs for all glass types. It is obvious that the original glass increased the electricity cost, while the implementation of any new types helped decrease the buildings' expenses by up VOLUME 7, 2019 FIGURE 10. The building seasonal cooling loads. to 50%. Type (2) showed the best performance, followed by type (1), and then by type (3).
VII. DISCUSSION AND RESULTS
After studying and analyzing the selected case study in Amman, it was found that the building was oriented within the range of optimum angles for Amman climate; the main glazed facade was tilted 146 • from the north, but when the orientation was modified into 180 • , the building shows a better performance in term of solar incident radiation. The installed glass is a reflected glass with high U-value equal to 2.6 W/(m 2 .K), SC equal 0.40, and a SHGC equal 0.35. These values give the building its poor thermal performance, where the annual heating and cooling electricity consumption registered a high value equal 132275 kWh. In addition, to 16% VLT, which let in a good amount of natural lighting with good distribution ranging between (250-850) lux in different offices, which was comfortable due to the offices small areas. After orienting the main glazed façade to 180 • from the north, and the simulation for testing the three glass types was conducted; the result was, Type (2), Type (1), and Type (3) respectively showed better energy performance than the original one in cooling, heating, and lighting electricity costs, due to their low U-value (1.1-1.3 W/(m 2 .K), low SC (20-22), and low SHGC (0.17-0.20).
It was clear that the lighting level depends on the space area and the glass VLT, the best performance was when type (1) glass was used with a VLT of 30%, but there was some glare in offices (3) and (4) . This means at designers should not raise the VLT more than 30% in these offices due to the space area.
Furthermore the three types show approximately the same cost performance in the case of cooling. Type 2 shows the best performance with a cost of 1728 JD, Followed by Type 3 with a cost of 1871 JD, followed by Type 1 with a cost of 1898 JD. These mean reduction ratios in cooling cost could be 40%, 46%, and 34% respectively. On the other hand heating is responsible for the highest annual electricity consumption, where Type 2 would reduce heating cost by 60%, followed by Type 1 with 57%, followed by Type 3 with 53%. As a total, the building could enhance its energy and cost performance by using one of the three simulated glass types. Type 1 and Type 2 could reduce the building total electricity cost by 53%, while Type 3 could reduce it by 45%, as shown in table (6) .
According to the glass company, the public price for the Reflected glass is 34 JD/m 2 , Type (1) price is 48JD/m 2 , Type (2) price is 46 JD/m 2 , and Type (3) price is 56 JD/m 2 . In glass field; if the payback period less than 60 month, the glass is efficient to use. As illustrated in table (9) the extra glazing cost for the three types is affordable and needs 17, 15, and 23 months respectively to get it back. Fig. 13 shows the concluded section for the best energy efficient glass for Amman City. As a final Results the main guidelines for using energy efficient glass in Amman city, which is characterized by the Mediterranean climate, are summarized by the following: 1) Orientation: The best orientations are between 125 • and 235 • from the north., and the optimum orientation is 180 • from the north 2) Annual Incident Solar Radiation:The largest amount of incident solar energy must be about 4400 kwh/m 2 , and the lowest amount approximately1700 kwh/m 2 . 3) Glazing Properties: Choose a glass from the Low-E and Solar Control coating technology series. -U-Value less than 1.5 Wm 2 /k -VLT more than 16% and less than 30 % depends on the proportion between space area and glazed surfaces area. -SHGC and SC less than 0.2 4) Daylight: Optimum light transmission with controlled light distribution, low glare, and requires ambient light of 500 Lux.
VIII. CONCLUSION
Evaluating and improving a buildings existing envelop behavior can be highly positive for energy consumption. The results of this study indicated to the importance of studying glass as one of the buildings' envelop components during the design phase, as well as its effects on the energy consumption of the building. The study proved that building orientation and glass specifications can control heat losses and gains, which subsequently reflected on the heating and cooling demands, which lead to saving energy and money. The basic factors for the energy efficient glass guidelines are building location and the availability of the solar radiation at the selected location. In addition, to the building orientation, glass optics and thermal properties. Energy efficient glass is the optimum choice for office buildings to improve the performance and comfort for the occupant of that building, and to reduce the electricity consumption for artificial lighting and air conditioning, by reducing heat losses and gains, while maintaining the amount of natural lighting inside the building.
Energy consumption savings, when an efficient energy glass is installed can be reached up to 50%.
